particularly if the treatment is elaborate and impressive and produces a feeling that something is being done. Yet this benefit is often shortlived and if one is too successful in curing the old pain they frequently return with a new one in some other part of the body and so become chronic haunters of treatment clinics.
Then there are those in whom mental tension expresses itself as widespread muscular tension. They move stiffly and awkwardly, contracting agonists and antagonists simultaneously. This muscular inefficiency leads to fatigue and painful muscle strains. These patients provide a typical example of the psychosomatic mechanism. There is also the completely psychogenic pain, in which the patient has projected his emotional anguish into some convenient part of the body where he keeps it quite cheerfully as an "agonizing pain". These pains are bizarre in distribution, constant in intensity, and completely unaffected by any form of therapy, and indeed we are probably doing the patient a disservice in attempting to undo his solution of his agonizing problem.
In all these conditions the mechanism primarily responsible for the complaint of pain is not located in the part complained of; and it is doubtful whether treating the part locally by physical or other measures is really a wise procedure.
If, on the other hand, we decide that our patient is suffering from a genuine painful sensation of abnormal intensity we are on much surer ground. Here it is useful to think of the cause of pain in terms of disorders of the pain nerves themselves, and disorders of the surrounding tissues. The latter are the most common, being the cause of the pain that accompanies trauma, infection and rheumatic disease. In these conditions there are probably physiochemical changes in the damaged tissues which may stimulate the pain nerves directly causing spontaneous pain. Alternatively these physiochemical changes may render the pain nerves more sensitive to mechanical, thermal and other stimuli, so producing pain on movement, pain on cooling and warming, tenderness to pressure and so on.
Tlhese chemical pain mechanisms tend to be in a state of delicate equilibrium and they are greatly affected by the state of the local blood flow, since the circulating blood tends to remove or destroy the pain-producing substances.
This state of balance can be shown up by applying short periods of arterial occlusion and venous congestion to a limb affected by trauma, infection, or other pain-producing lesions (Fig. 1 ). In many instances occlusion of only a few minutes' duration produces the most dramatic increase of pain, causing the subject to become pale, sweating and acutely distressed. Venous congestion produces some increase of pain in many instances but this is usually only of a slight degree and is not progressive, and in these cases it is probable that tissue tension plays some part in the production of pain. A considerable variety of painful lesions has been studied by such simple tests (Addis, Jepson and Kellgren, 1950) and the results are shown in Table I .
The table shows the number of cases of each type of pathological lesion in which arterial occlusion or venous congestion produced either no change, a slight increase of pain or a severe increase of pain, necessitating release of the cuff before the elapse of ten minutes.
In 13 of these cases venous congestion was omitted.
JULY-PHYS. MED. I It will be seen that acute closed infections are most dramatically affected by alteration of the circulation, and that traumatic lesions, such as wounds, fractures, sprains and strains are also considerably affected by the tests and had more of the traumatic lesions been severe and acute I think the results would have been very similar to those in the infective group. Cuff * In 3 of these painful throbbing was relieved by venous congestion.
The rheumatoid lesions were only slightly affected, although many acutely inflamed joints were tested. This may be because in this condition the physiochemical changes involve primarily the macromolecular connective tissue substances such as collagen and the polysaccharides which do not readily pass in and out of the blood. The acute painful episodes which sometimes accompany osteoarthritis are greatly affected by changes in blood flow but as one would expect osteoarthritic lesions are generally unaffected. Among the arthritic lesions tuberculosis and ankylosing spondylitis also remain unaffected. The nerve injuries and glomus tumours are examples of lesions in which there are changes in the pain nerves themselves often of an anatomical nature. It is therefore not surprising that in these the pain remains completely unaffected by changes in the circulation.
The state of the local circulation is therefore of paramount importance in traumatic and acute inflammatory lesions and it is just in these conditions that physiotherapy is so successful in relieving pain. From the studies of Barcroft and Edholm (1943) we know that forearm blood flow which is thought to be mainly muscular may be reduced to a very low level by cooling the part and conversely it can be greatly increased by warming. Dr. Janus, in my laboratory, has been making similar plethysmographic studies of knee blood flow which is mainly articular and a typical study is shown in Fig. 2 . From this it is clear that a rise in knee temperature of only 5°C. will cause a threefold increase in blood flow. pain directly, and not as a result of changes in local blood flow. In this direct way temperature changes affect deep and cutaneous pain quite differently so that for this purpose these two types of pain must be considered separately.
Section of Physical Medirine
If the normal deep tissues are cooled rapidly deep pain is experienced while the temperature of the tissues is falling from 300 to 150 C., but as cooling proceeds analgesia develops and becomes complete when the tissue temperature reaches about 100 C.; but if the tissues are cooled slowly analgesia develops without appreciable pain and this is what happens under normal conditions of exposure. If on the other hand the deep tissues are abnormally sensitive as a result of trauma or disease pain may result from even very slow cooling and analgesia fails to develop normally so that the pain persists until the part is warmed up again (Keligren, McGowan and Hughes, 1948) . This mechanism of cold pain is found in most conditions in which there is hyperalgesia of the deep tissues, and since it is often accompanied by muscle spasm and vasospasm a thorough warming may give more than temporary relief and provides a valuable period of comfort, during which the function of the painful disused part may be restored.
The effect of temperature on cutaneous pain was studied extensively by Lewis (1942) . In normal skin pain results from heating above 430 C. or cooling below 100 C., but in the erythralgic state cutaneous pain may result from temperatures as low as 30°or as high as 150 C. Thus in these lesions warmth causes an increase of pain, and cooling between 300 and 150 C. gives relief. Increased pain from warmth is also found in impending gangrene and other conditions in which the arteries are blocked and unable to allow the normal increase of blood flow in response to warming.
Cutaneous and deep sensations differ in other respects, thus cutaneous pain takes precedence over deep pain in consciousness and this fact may be used to mask certain tiresome deep pains of low intensity. Suitable cutaneous sensations can be produced by a mild ultraviolet burn, the Kromeyer patch being a typical example. These patches are most useful in relieving continuous spontaneous deep pains of low intensity, but they are of little value in controlling the sudden severe pains such as result from movement of a tender joint. Most physiotherapy should be directed at the diseased structure from which the symptoms are arising but if we are aiming at masking a deep pain the cutaneous patches should be placed over the part to which pain is referred irrespective of its source.
Physiotherapy may also relieve pain indirectly by preventing the development of painful states. Thus, by regaining full motion in stiff joints, recurrent painful sprains of these joints are prevented. Similarly weakened and wasted muscles and muscles in poor training are very liable to recurrent painful strains, which can be avoided by suitable muscle training. Where deformity or other mechanical defects such as torn ligaments are a source of recurrent painful sprains and strains intensive muscle training may be able to overcome the mechanical defect and again pain may be relieved by prevention. Indeed this indirect method of relieving pain is probably one of the most valuable fields of therapy in which physical means are absolutely indispensable.
A complaint of pain may result from disorders at three different levels in the human organism: (1) From disorders of the body tissues such as are commonly found in trauma, infections or rheumatic disease. In these conditions cheniical mechanisms are prominent, and much relief may be obtained by the correct use of physiotherapy. (2) Disorders of the pain receptors and pathways in the nervous system such as occur in painful nerve injuries and neuropathies. The cause of pain in these conditions is as yet poorly understood, and it is less easily relieved, perhaps because in our ignorance of the mechanism by which it is produced we are unable to apply the right kind of physiotherapy for each individual case.
(3) Finally, a complaint of pain may result from an abnormal emotional, intellectual or reflex reaction to a painful sensation which is not in itself remarkable, or it may result from gross psychiatric disturbances. In these cases it may be unwise to treat the part complained of because it is not, in fact, the seat of the causative disorder.
Dr. Clive Shields: The definition of "pain" defies the efforts of poets, lexicographers and scientists. Sherrington's (1906) "psychical adjunct of an imperative protective reflex" fails at the clinical level. The ancients wrote little of pain until about 320 B.C. when Aristotle described it as "a passion of the soul".
The differentiation of touch and pain end-organs was first demonstrated by Schiff in 1858 and confirmed by many workers since. In 1941 Sir Thomas Lewis (1942) suggested that some histamine-like body, possibly acetylcholine, was concerned in the pain mechanism. Wolff and his co-workers (1948) in America were able by laboratory methods to differentiate between the perception of pain and the reaction to pain, and they devised a unit of pain which they called the "dol". Adrian (1950) in a recent paper wrote, ... . pain signals themselves play little part in the elaboration of cortical and mental patterns", and elaborated this in a private communication thus, "it is the thoughts associated with pain, e.g. fear of death, anxiety, disappointment, which start the cortex building up and elaborating these thoughts and thus gradually creating the individual's general concept of the experience".
Whereas with all the other senses, disuse to some extent blunts their acuity, pain alone needs no practice to maintain its potency. "Conditioning" may, however, mitigate its effect.
Pre-frontal leucotomy performed for intractable pain affords some support for the idea of differentiation between perception and reaction, and such cases are able to cease analgesic drugs without exhibiting the usual "withdrawal syndrome". The fact that injection or ionization of histamine causes, not pain, but itch, gives rise to the suggestion that in the pain mechanism the intermediate substance is a specific cell-enzyme, activated or inactivated by its environment; since such a body would act merely as a catalyst the explanation of non-fatigability in pain end-organs may be found.
Physical measures which relieve pain do so either by suggestion (directed to the reaction component), by "counter-irritation" (which prevents spatial summation from operating) or, where the direct current is used, by inactivating the hypothetical cell-enzyme. Heat, by mncreasing the local circulation, reduces the concentration of the intermediate substance.
When rest is effective it operates by reducing frictional irritation in muscles, tendons and peri-articular structures. Modified exercise may relieve pain in peripheral circulatory failure by improving the collateral circulation.
Wolff's (1947) lately re-enunciated theory of internuncial neurones in the dorsal horn, first put forward by Sturge in 1883, in conjunction with a specific cell-enzyme, might explain many problems in connexion with the pain mechanism, more particularly areas of hyperalgesia remote from injured tissue, "phantom" limb pain, and some anomalies of referred pain which cannot be explained on a purely segmental basis.
This essay is to be published in extenso elsewhere.
